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(57) ABSTRACT 

A light guide member (120) includes a columnar main body 
(130) of a predetermined length, which is made of a transpar 
ent material and has a Substantially uniform cross section. A 
first end (121) and a second end are provided at respective 
ends of the main body (130), and LED elements (200) are 
arranged to face the first end (121) and the second, respec 
tively. The main body(130) includes a smooth mirror circum 
ferential surface formed with a plurality of recesses (131) or 
projections spaced from each other in the longitudinal direc 
tion and arranged within a predetermined range in the circum 
ferential direction. Due to the recesses or projections, 
throughout the length of the main body (130), light emitted 
from the LED elements (200) and introduced into the main 
body (130) through each of the first end (121) and the second 
end is emitted from a region of the circumferential surface of 
the main body (130) which faces the range formed with the 
recesses (131) or the projections. 
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LINEAR LIGHT SOURCE DEVICE, AND 
IMAGE READING DEVICE AND PLANAR 
DISPLAY DEVICE USING THE LINEAR 

LIGHT SOURCE DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a linear light source 
device, while also relating to an image reader and a flat 
display apparatus using a linear light source device. Particu 
larly, the present invention relates to a linear light Source 
device which is Suitably used as an illumination light Source 
of an image reader Such as an image scanner or used as a 
backlight of a flat display apparatus such as a liquid crystal 
display apparatus. 

BACKGROUND ART 

0002. A flat-bed image scanner is disclosed in e.g. Patent 
Document 1. The image scanner utilizes an image sensor unit 
U in which a CCD line sensor is mounted. (Hereinafter, this 
unit is referred to as a “CCD image sensor unit”). As shown in 
FIG. 11 of the present application, such a CCD image sensor 
unit U generally includes an illumination light source 1, a 
plurality of mirrors 21-25, a lens 3 and a CCD line sensor 4 
which are housed in a case 5. In the flat-bed image scanner S, 
the CCD image sensor unit U is moved in the secondary 
scanning direction (right and left direction in FIG. 11) below 
a document table DP made of e.g. transparent glass. In the 
operation to read the image of the document, the light emitted 
from the illumination light source 1 and then reflected by the 
document D is reflected by the mirrors 21-25 to converge on 
the CCD line sensor 4 via the lens 3. Thus, the image of one 
line of the document D extending in the primary scanning 
direction (the direction perpendicular to the sheet surface in 
FIG. 11) is formed on the CCD line sensor 4 and read. This 
operation is repeated every time the CCD image sensor unit U 
is moved in the secondary scanning direction by a predeter 
mined pitch, whereby the two dimensional image of the docu 
ment is read. 
0003. In the flat-bed image scanner S utilizing the CCD 
image sensor unit U, the light path from the document D to the 
CCD line sensor 4 is relatively long, so that a large depth of 
field of the lens 3 is provided. Thus, even when the document 
D is slightly separated from the surface of the document table 
DP, clear image is obtained without defocusing. 
0004 Patent Document 1: JP-A-2000–134413 
0005 Generally, a cold-cathode tube which emits white 
light is used as the illumination light source 1 of the CCD 
image sensor unit U. This is because, at present, in view of the 
cost and so on, a cold-cathode tube is considered to be the 
optimum linear light Source device for irradiating the docu 
ment with light of uniform illuminance throughout the entire 
reading range extending in the primary scanning direction for 
reading a color image. 
0006. However, the use of a cold-cathode tube as the linear 
light source device of a CCD image sensor unit U has draw 
backs as follows. 

0007 Firstly, to drive a cold-cathode tube, a high voltage 
for discharge generated by using e.g. an inverter is necessary, 
so that the cost for the power Supply circuit is high. 
0008 Secondly, a cold-cathode tube is not good for envi 
ronment, because mercury vapor, which is harmful, is 
enclosed. 
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0009. Thirdly, although a cold-cathode tube emits uniform 
light throughout the length, the amount of light received by 
the light receiving elements of the CCD line sensor 4 becomes 
Smaller as progressing toward each end. Specifically, in the 
CCD image sensor unit U, the reading range of e.g. A4 size is 
finally reduced to the width of the CCD line sensor 4 which is 
about several tens of mm. Thus, the angle of view as viewed 
from the CCD line sensor 4 or the lens3 is about 50° (see FIG. 
12). Thus, the receiving amount of light reflected by the 
document becomes Smaller as progressing toward each end of 
the reading range. Although Such a reduction in the light 
receiving amount can be corrected, such correction requires a 
complicated correction circuit particularly when a color 
image is to be read. 
0010 Fourthly, the light emitted from a cold-cathode tube 

is not used efficiently. Specifically, although illumination is 
performed only in one direction, a cold-cathode tube emits 
light from the entire circumference, so that much light is 
wasted. To solve this problem, a reflective member needs to 
be arranged behind the cold-cathode tube, which increases 
the cost. 

DISCLOSURE OF THE INVENTION 

0011. The present invention has been proposed under the 
circumstances described above. It is therefore an object of the 
present invention to provide a linear light Source device 
capable of solving the above-described problems caused by 
the use of a cold-cathode tube as an illumination light source 
of an image reader incorporating a CCD line sensor such as a 
CCD image sensor unit. Another object of the present inven 
tion is to provide an image reader using the linear light Source 
device as the illumination light source. Still another object of 
the present invention is to provide a flat display apparatus 
using the linear light source device as the illumination light 
Source as the backlight. 
0012 To solve the above-described problems, the present 
invention takes the following technical measures. 
0013. According to a first aspect of the present invention, 
there is provided a linear light source device comprising a 
light guide member including a main body made of a trans 
parent material to be in the form of a column having a Sub 
stantially uniform cross section and a predetermined length, 
and a first end and a second end provided at ends of the main 
body, and an LED element arranged to face each of the first 
end and the second end. The main body includes a Smooth 
mirror circumferential surface formed with a plurality of 
recesses or projections throughout the length thereof within a 
predetermined range in the circumferential direction. Due to 
the recesses or projections, throughout the length of the main 
body, light emitted from the LED element and introduced into 
the main body through each of the first end and the second end 
is emitted from a region of the circumferential surface of the 
main body which faces the range within which the recesses or 
the projections are formed. 
0014. As a variation of the linear light source device 
according to the first aspect, there is provided a linear light 
Source device comprising a light guide member including a 
main body made of a transparent material to be in the form of 
a column having a Substantially uniform cross section and a 
predetermined length, and a first end and a second end pro 
vided at ends of the main body, an LED element arranged to 
face the first end, and a reflecting portion formed at the second 
end. The main body includes a smooth mirror circumferential 
Surface formed with a plurality of recesses or projections 
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throughout the length thereof within a predetermined range in 
the circumferential direction. Due to the recesses or projec 
tions, throughout the length of the main body, light emitted 
from the LED element and introduced into the main body 
through the first end is emitted from a region of the circum 
ferential surface of the main body which faces the range 
within which the recesses or the projections are formed. 
0015 Specifically, the reflecting portion formed at the sec 
ond end may comprise a reflecting Surface extending perpen 
dicularly to an axis of the main body or two reflecting Surfaces 
inclined substantially 45 degrees with respect to an axis of the 
main body. Alternatively, the reflecting portion may be in the 
form of a cone having a generatrix inclined Substantially 45 
degrees with respect to an axis of the main body or in the form 
of a pyramid including a ridge line inclined Substantially 45 
degrees with respect to an axis of the main body. Preferably, 
the reflecting portion may be covered with white resin or 
formed by vapor deposition of metal. 
0016. The transparent material for forming the main body 
of the light guide member may be transparent resin or trans 
parent glass. 
0017 Specifically, the main body of the light guide mem 
ber having a substantially uniform cross section may be in the 
form of a round column, a polygonal prism, or an oval col 
umn, for example. 
0018. In a preferred embodiment, the plurality of recesses 
or projections may be provided by forming a plurality of 
grooves extending in a direction crossing a longitudinal axis 
of the main body at predetermined intervals. Preferably, in 
this case, each of the grooves has an inner Surface which is 
generally arcuate in cross section. 
0019. The plurality of recesses or projections may be pro 
vided by forming a plurality of dents each having a spherical 
inner Surface. 

0020. In a preferred embodiment, the LED element com 
prises an LED chip, and the LED chip is directly mounted on 
a Substrate made of aluminum nitride. 

0021. In a preferred embodiment, the substrate includes an 
LED element mount region for mounting the LED element 
and a heat dissipation region connected to the LED element 
mount region. 
0022. In a preferred embodiment, the substrate is formed 
with a common electrode pattern and a plurality of individual 
power supply electrode patterns. At the LED element mount 
region, a plurality of LED chips are bonded close to each 
other on the common electrode pattern, and each of the LED 
chips is connected to a corresponding one of the individual 
power Supply electrode patterns via a wire. 
0023. In a preferred embodiment, the substrate is elon 
gated. The LED element mount region is provided at one of 
longitudinally opposite ends of the Substrate. The common 
electrode pattern and the individual power supply electrode 
patterns extend in parallel with each other on a remaining 
portion of the substrate in the longitudinal direction of the 
substrate. 

0024. In a preferred embodiment, the plurality of LED 
chips include at least one red LED chip, at least one green 
LED chip and at least one blue LED chip. 
0025. In a preferred embodiment, at least portions of the 
common electrode pattern and the individual power Supply 
electrode patterns corresponding to the LED element mount 
region are formed by printing and baking silver paste. 
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0026. In a preferred embodiment, the linear light source 
device further comprises a frame-shaped reflector mounted to 
the LED element mount region of the substrate to surround 
the LED chips. 
0027. In a preferred embodiment, the reflector includes an 
inner Surface inclined to flare toward an upper opening of the 
reflector. The inner surface is a reflecting surface. For 
instance, the reflector may be entirely made of white resin so 
that the inner Surface serves as a reflecting Surface. Alterna 
tively, the reflector may be made of resin, and the inner 
Surface may be mirror finished by forming an aluminum film 
by vapor deposition. 
0028. In a preferred embodiment, the end of the light guide 
member which faces the LED chip is integrally formed with 
a socket portion fitted to the frame-shaped reflector to accom 
modate the reflector. 

0029. In a preferred embodiment, the socket portion 
includes an outer Surface covered with a light-impermeable 
layer. 
0030. In a preferred embodiment, in the circumferential 
Surface of the main body, the predetermined range in the 
circumferential direction within which the recesses or the 
projections are to be formed to be spaced from each other in 
the longitudinal direction of the main body corresponds to a 
central angle of 3 to 45°, and more preferably 5 to 30° of the 
main body. 
0031. In a preferred embodiment, in the circumferential 
Surface of the main body, the predetermined range in the 
circumferential direction within which the recesses or the 
projections are to be formed to be spaced from each other in 
the longitudinal direction of the main body corresponds to a 
central angle of 120 to 270°, and more preferably 120 to 200° 
of the main body. 
0032. According to a second aspect of the present inven 
tion, there is provided an image reader comprising a light 
source device, a plurality of mirrors, a lens and a CCD line 
sensor which are housed in a case. The image reader is 
designed to guide light emitted from the light Source device 
and reflected by a document to the CCD line sensor via the 
mirrors and the lens so that a linear image in a primary 
scanning direction of the document is read by the CCD line 
sensor. The light source device comprises the linear light 
Source device according to the first aspect of the present 
invention. Preferably, in this linear light source device, the 
predetermined range in the circumferential direction within 
which the recesses or the projections are to be formed to be 
spaced from each other in the longitudinal direction of the 
main body corresponds to a central angle of 3 to 45° of the 
main body. 
0033. In a preferred embodiment, the plurality of recesses 
or projections of the main body of the light guide member are 
so formed that amount of light to be emitted from the main 
body increases as progressing from a central portion toward 
each end in the longitudinal direction of the main body. 
0034. According to a third aspect of the present invention, 
there is provided a flat display apparatus comprising a flat 
display panel and an illuminator for illuminating the flat 
display panel from behind. The illuminator is provided by 
arranging a plurality of linear light source devices according 
to the first aspect of the present invention side by side. Pref 
erably, in these linear light source devices, the predetermined 
range in the circumferential direction within which the 
recesses or the projections are to be formed to be spaced from 
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each other in the longitudinal direction of the main body 
corresponds to a central angle of 120 to 270° of the main body. 
0035. In a preferred embodiment, the flat display appara 
tus further comprises a light diffusion sheet or a light diffu 
sion panel arranged between the flat display panel and the 
illuminator. 
0036. In a preferred embodiment, the flat display appara 
tus further comprises a light reflecting Surface arranged on a 
side of the illuminator which is opposite from the flat display 
panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1 is a front view, partially in section, showing 
the overall structure of a linear light source device according 
to a first embodiment of the present invention. 
0038 FIG. 2 is an enlarged view showing a principal por 
tion of the linear light source device of FIG. 1. 
0039 FIG. 3 is an enlarged plan view of the substrate as 
viewed in the direction of III-III arrows in FIG. 2. 
0040 FIG. 4 is an enlarged sectional view taken along 
lines IV-IV in FIG. 2. 
0041 FIG. 5 is a sectional view taken along lines V-V in 
FIG. 4. 
0042 FIG. 6 is a front view, partially in section, showing 
the overall structure of a linear light source device according 
to a second embodiment of the present invention. 
0043 FIG.7 shows the device as viewed in the direction of 
VII-VII arrows in FIG. 6. 
0044 FIG. 8 is an enlarged view showing a variation of the 
end of a linear light source device according to the second 
embodiment of the present invention. 
0045 FIG. 9 is an enlarged view showing another varia 
tion of the end of a linear light source device according to the 
second embodiment of the present invention. 
0046 FIG. 10 is an enlarged view showing still another 
variation of the end of a linear light source device according 
to the second embodiment of the present invention. 
0047 FIG. 11 is a schematic view showing the overall 
structure of an image reader using the linear light Source 
device shown in FIG. 1 or FIG. 6. 
0048 FIG. 12 schematically illustrates the light path from 
the document to the CCD line sensor in the image reader 
shown in FIG. 11. 
0049 FIG. 13 is an enlarged view showing a principal 
portion of a linear light Source device according to a third 
embodiment of the present invention. 
0050 FIG. 14 is an enlarged sectional view taken along 
lines XIV-XIV in FIG. 13. 
0051 FIG. 15 is a schematic structural view of a flat dis 
play apparatus using the linear light source device shown in 
FIG. 13. 
0052 FIG.16 is a view corresponding to FIG. 14, showing 
a variation of the linear light Source device according to the 
third embodiment of the present invention. 
0053 FIG. 17 is a schematic structural view of a flat dis 
play apparatus using the linear light source device shown in 
FIG. 16. 
0054 FIG. 18A is a sectional view showing a variation of 
the recess to be formed on the main body of a light guide 
member. 
0055 FIG. 18B is a sectional view showing a variation of 
the recess to be formed on the main body of a light guide 
member. 
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0056 FIG. 19 is a sectional view taken along lines XIX 
XIX in FIGS. 18A and 18B. 
0057 FIG. 20 is an enlarged sectional view showing a 
variation of the main body of a light guide member. 
0.058 FIG. 21 is an enlarged sectional view showing 
another variation of the main body of a light guide member. 
0059 FIG. 22 is an enlarged sectional view showing still 
another variation of the main body of a light guide member. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0060 Preferred embodiments of the present invention will 
be described below with reference to the accompanying 
drawings. 
0061 FIGS. 1-5 show a linear light source device 100 
according to a first embodiment of the present invention. The 
linear light source device 100 includes a light guide member 
120 and LED elements 200 arranged at the two ends of the 
light guide member 120. 
0062. As shown in FIG. 1, the light guide member 120 
includes a main body 130 in the form of a column having a 
uniform circular cross section throughout the length, and a 
first end 121 and a second end 122 provided at the two ends of 
the main body 130. The light guide member 120 is made of 
e.g. a transparent resin Such as PMMA or polycarbonate or 
other transparent materials such as transparent glass to be an 
integral part. For instance, the columnar main body 130 has a 
length corresponding to the reading range of A4 size and has 
a diameter of about 3 mm. At least the circumferential Surface 
of the main body 130 is a smooth mirror surface. 
0063. As will be understood from FIGS. 4 and 5, the main 
body 130 is formed, at a predetermined surface region in the 
circumferential direction, with a plurality of recesses 131. 
The recesses are spaced from each other in the longitudinal 
direction of the main body. As shown in FIGS. 2, 4 and5, each 
of the recesses 131 extends in a direction crossing the main 
body 130 and has a generally arcuate inner surface. Specifi 
cally, for instance, the recess may be in the form of a groove 
whose inner Surface is in the form of an arc having a radius of 
about 0.3 mm and which has a maximum depth of about 0.15 
mm. The ends of each recess 131 are also radiused. Prefer 
ably, in the main body 130, each recess 131 is formed within 
an angular range C. (see FIG. 4) of 3 to 45°, and more prefer 
ably, 5 to 30° in the circumferential direction. The interval 
between adjacent recesses 131 is determined in view of the 
distribution of the amount of light emitted from the main body 
130, which will be described later. 
0064. As shown in FIG. 2, the first end 121 and the second 
end 122 of the light guide member 120 are integrally formed 
with angular socket portions 140. The respective bottom sur 
faces of the angular socket portions 140 Substantially consti 
tute the end surfaces 141 of the main body 130. Each end 
Surface 141 serves as a light incident portion through which 
the light from the LED element 200 enters the main body 130. 
Preferably, the outer surface of the socket portion 140 is 
covered with a light-impermeable layer 142 which may com 
prise white paint or a metal film so that the light is prevented 
from leaking. 
0065. The LED element 200 comprises three LED bare 
chips 201, 202 and 203 for red (R), green (G) and blue (B) 
(hereinafter simply referred to as LED chips) which are 
mounted on a substrate 210. The LED chips are so arranged 
on the substrate that the respective centers form the vertices of 
a triangle (see FIG. 3). The size of each LED chip 201, 202, 
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203 is about 0.3 mmx0.3 mm in plan view. The thickness of 
the LED chip is also about 0.3 mm. As shown in FIG. 3, the 
Substrate 210 has an elongated rectangular shape. The Sub 
strate 210 is made of aluminum nitride, which has an 
extremely high thermal conductivity. An LED element mount 
region 211 is formed at one of longitudinally opposite ends of 
the substrate 210. The three LED chips 201, 202 and 203 are 
mounted on the LED element mount region 211. The portions 
of the substrate 210 other than the LED element mount region 
211 constitute a heat dissipation region 212. 
0066 Specifically, as shown in FIG. 3, the substrate is 
formed with a common electrode pattern 215. An end 215a of 
the common electrode pattern is arranged on the LED ele 
ment mount region 211 to serve as a chip bonding pad. The 
LED chips 201,202 and 203 for R, G and Barebonded on the 
chip bonding pad 215a to be close to each other. The substrate 
is further formed with individual power supply electrode 
patterns 216, 217 and 218 corresponding to the LED chips 
201, 202 and 203. Respective one ends 216a, 217a and 218a 
of the individual electrode patterns are arranged adjacent to 
the chip bonding pad 215a. The ends 216a, 217a and 218a are 
connected to the LED chips 201, 202 and 203, respectively, 
via bonding wires 219. With this arrangement, the amount of 
light emitted from each of the LED chips 201, 202 and 203 
can be individually controlled by controlling the amount of 
current supplied to each LED chip. Thus, the control of the 
white light to be emitted from the light guide member 120 is 
easily performed. The other ends 215b, 216b, 217b, 218b of 
the common electrode pattern 215 and the individual power 
supply electrode patterns 216, 217, 218 extend on the heat 
dissipation region 212 of the substrate 210 in parallel with 
each other in the longitudinal direction. In this way, the heat 
dissipation region 212 of the substrate 210 is utilized for 
arranging the wiring pattern. Preferably, the electrode pat 
terns 215, 216,217 and 218 are formed by printing and baking 
silver paste. As a result, the Surfaces of the chip bonding pad 
215a and the ends 216a, 217a, 218a have a high reflectivity, 
and these terminal portions have a large current capacity. 
0067. A reflector 220 in the form of a frame is bonded, 
with e.g. an adhesive, to the LED element mount region 211 
of the substrate 210 to surround the three LED chips 201, 202, 
203 and the bonding wires 219. As shown in FIGS. 2 and 3. 
the reflector 220 has a quadrangular configuration as viewed 
in plan and has a predetermined thickness. The inner Surface 
of the frame-shaped reflector 220 comprises a reflecting sur 
face 221 which is tapered as progressing from the upper side 
(opening side, i.e., right side in FIG. 2). Preferably, the reflec 
tor 220 is formed by molding white or generally white resin. 
The outer dimension of the reflector 220 is set to correspond 
to the inner dimension of the socket portion 140 at the end of 
the light guide member 120. By fitting the reflector 220 into 
the Socket portion 140 and appropriately performing bond 
ing, the substrate 210 on which the LED chips 201, 202 and 
203 are mounted and the light guide member 120 are inte 
grally connected to each other. In this state, the LED chips 
201, 202 and 203 mounted close to each other at the LED 
element mount region 211 do not project outward relative to 
the end surface of the main body 130 of the light guide 
member 120 which has a diameter of about 3 mm as described 
above, but rather face the substantial center of the end (see 
FIG. 4). The inner space of the frame-shaped reflector 220 
mounted to the substrate 210 is filled with a protective resin 
222 such as transparent silicone resin to seal the LED chips 
201, 202, 203 and the bonding wires 219. To make the inner 
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Surface or upper Surface (Surface on the opening side) of the 
reflector 220 be a highly reflective surface, a metal film may 
beformed, by vapor deposition of e.g. aluminum, on the inner 
or upper surface of the reflective member made of resin. 
0068. The advantages of the linear light source device 100 
will be described below. 
0069. When the three LED chips 201, 202 and 203 are 
turned on at each of the two ends 121 and 122 of the light 
guide member 120, light of the three colors impinges on the 
end surface 141 of the main body 130 of the light guide 
member 120 (see FIG. 2). In this process, the light emitted 
from the top surfaces of the LED chips 201, 202 and 203 
directly impinges on the end surface 141 of the main body 
130. The light emitted from the side surfaces of the LED chips 
201, 202 and 203 is reflected by the reflecting surface 221 of 
the reflector 220 to impinge on the end surface 141 of the 
main body 130. Further, since the LED chips 201, 202 and 
203 are mounted on the common electrode pattern 215 
formed by printing and baking silver paste having a high 
reflectivity, the light traveling toward the substrate 210 is also 
reflected by the surface of the common electrode pattern 215 
to impinge on the end surface 141 of the main body 130. As 
noted before, the reflector 220 is fitted in the angular socket 
portion 140 integrally formed on the light guide member 120 
and covered with the light-impermeable layer 142 compris 
ing white paint or a metal film. With this arrangement, light 
does not leak to the outside through the socket portion 140. 
Thus, the light emitted from the LED chips 201, 202 and 203 
is efficiently introduced into the light guide member 120. 
0070. As schematically shown in FIG. 2, the light intro 
duced into the light guide member 120 from the first and the 
second ends 121 and 122 travels through the main body 130 
in the longitudinal direction while being totally reflected by 
the smooth surfaces. As schematically shown in FIG. 5, part 
of the light is reflected by the recesses 131 to change its travel 
direction to a direction crossing the main body 130. As sche 
matically shown in FIG.4, the light rays whose travel direc 
tion has been changed generally travel toward a region of the 
circumferential surface of the main body 130 which faces the 
recess 131. Of these light rays, those which impinge on the 
region of the circumferential surface of the main body 130 at 
an angle Smaller than the total reflection critical angle is 
emitted to the outside. As noted before, in the main body 130, 
each recess 131 is formed within a limited central angular 
range of 3 to 45°, and more preferably, 5 to 30° in the circum 
ferential direction. Further, the main body 130 has the convex 
lens effect due to the columnar shape. With these features, the 
light emitted is prevented from spreading in the circumferen 
tial direction of the main body 130 and reliably converged 
onto the target region A (see FIG. 4) of a predetermined width. 
0071. The recesses 131 are provided throughout the entire 
length of the main body 130. Thus, the above-described opti 
cal effect is obtained at any portion in the longitudinal direc 
tion of the main body 130. As a result, white light obtained by 
mixing red light, green light and blue light is reliably emitted 
from a predetermined circumferential region of the main 
body 130 throughout the entire length toward the target region 
A 

0072. In the linear light source device 100 having the 
above-described structure, light emitted from the LED chips 
201, 202 and 203 provided at each end is guided in the 
longitudinal direction of the light guide member 120. Thus, 
the amount of light in the light guide member decreases as 
progressing toward the center of the length. However, the 
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light emission amount distribution of the light guide member 
120 in the longitudinal direction can be adjusted by varying 
the intervals or depths of the recesses 131 of the main body 
130 with respect to the longitudinal direction. For instance, 
the intervals between adjacent recesses 131 may be set to 
become Smaller as progressing from each end toward the 
center of the main body 130. In this case, the possibility that 
the light, which has traveled in the longitudinal direction, is 
guided to travel in a direction crossing the main body 130 is 
larger at a portion closer to the center. Thus, a reduction in the 
amount of light at the center of the main body 130 in the 
longitudinal direction is compensated, so that the amount of 
light emission becomes uniform throughout the length of the 
main body 130. The same effect is obtained also when the 
depths of the recess 131 are so set to become larger as pro 
gressing from each end toward the center of the main body 
130. 

0073. In the linear light source device 100 having the 
above-described structure, the three LED chips 201, 202 and 
203 at each end of the light guide member 120 are arranged 
closer to each other on the substrate 210. With this arrange 
ment, red light, greenlight and blue light are mixed uniformly 
to travel in the light guide member 120. As a result, uniform 
white light is emitted from every portion of the light guide 
member 120 in the longitudinal direction. 
0074. Further, in the linear light source device 100 having 
the above-described structure, aluminum nitride is particu 
larly employed as the material of the substrate 210, and LED 
chips 201, 202 and 203 are directly bonded to the substrate 
210. Generally, an LED chip is likely to be deteriorated due to 
heat. Specifically, while an LED chip emits light correspond 
ing to the applied current, it also generatesheat corresponding 
to the current. Generally, therefore, to avoid the shortening of 
life due to heat, the current to be applied is set relatively low. 
Specifically, when an LED chip is to be used for a resin 
package type LED lamp or mounted on a Substrate made of 
glass-fiber-reinforced epoxy resin or alumina ceramic mate 
rial, the normal current to be applied is set to about 20 mA at 
the most. In the linear light source device 100, however, since 
the LED chips 201, 202 and 203 are directly bonded to the 
substrate 210 made of aluminum nitride which has an 
extremely high thermal conductivity of e.g. 200W/m K, the 
heat generated at the LED chips is immediately dissipated to 
the substrate 210 even when a large amount of current is 
applied to the LED chips 201, 202 and 203. Thus, while 
keeping a large light emission amount, the temperature rise 
and the resulting deterioration of the LED chips 201, 202 and 
203 are prevented. 
0075. In the linear light source device 100, the LED ele 
ment mount region 211 is provided at one of longitudinally 
opposite ends of the substrate 210, and the heat dissipation 
region 212 is provided integrally with the LED element 
mount region. This structure is advantageous for enhancing 
the above-described heat dissipation effect. To further 
enhance the heat dissipation effect, a heat dissipation fin (not 
shown) made of e.g. aluminum may be provided at the heat 
dissipation region 212 of the substrate 210 or the heat dissi 
pation region 212 may be held in contact with a metal housing 
of an apparatus incorporating the linear light source device 
1OO. 

0076. As an experiment, electrode patterns 215-218 made 
of silver paste and having a thickness of 10 um were formed 
on a substrate 210 made of aluminum nitride and having a 
width of 5.0 mm, a length of 18.0 mm and a thickness of 0.6 
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mm. LED chips 201, 202 and 203 for R, G and Beach having 
a size of about 0.22 mmx0.29 mmx0.29 mm and rated current 
of 20 mA were mounted on the substrate to be close to each 
other, as shown in FIG. 3. The LED chips 201, 202 and 203 
were continuously lit for 150 hours by applying current of 50 
mA. After the lapse of 150 hours, the reduction in the amount 
of light was measured and found to be not more than 10%. It 
is to be noted that the period of 150 hours is so set that an 
image reader incorporating the linear light source device 100 
as the light source can read about fifty thousands sheets of 
document provided that the reading of one sheet of document 
takes about ten seconds. 

0077. As an comparative example, the substrate 210 was 
replaced with one made of glass-fiber-reinforced epoxy resin, 
and the LED chips 201, 202 and 203 were continuously lit for 
150 hours by applying current of 50 mA. The reduction in the 
amount of light after the lapse of 150 hours was found to be 
over 20%, so that the practical use of this light source device 
was found to be impossible. 
(0078 FIGS. 6 and 7 show a linear light source device 
according to a second embodiment of the present invention. 
In the linear light source device 100A of the second embodi 
ment, an LED element 200 is provided at an end 121 (first 
end) of the light guide member 120, whereas a reflecting 
surface 124 is provided at another end 122 (second end) of the 
light guide member. In this point, the linear light source 
device 100A differs from the linear light source device 100 of 
the first embodiment shown in FIGS. 1-5. Only the elements 
of the linear light source device 100A which differ from those 
of the linear light source device 100 will be described below. 
The elements which are identical or similar to those of the 
linear light source device 100 of the first embodiment are 
designated by the same reference signs as those used for the 
first embodiment, and the description thereofwill be omitted. 
(0079. In the light guide member 120, only the first end 121 
is provided with a socket portion 140. The second end 122 is 
formed with the reflecting surface 124. The structure of the 
main body 130 and the socket portion 140 is basically the 
same as that of the first embodiment. The reflecting surface 
124 may be provided by fitting a cap 125 made of white or 
generally white resin to the second end 122 of the light guide 
member 120 or forming a metal film by vapor deposition. 
Preferably, the reflecting surface 124 is capable of reflecting 
100 percent of the light rays traveling in the main body 130 
toward the second end 122. 

0080. Similarly to the first embodiment, at the first end 121 
of the main body 130, a plurality of LED chips 201, 202,203 
mounted on a Substrate 210 are arranged. In the second 
embodiment, as shown in FIG. 7, six LED chips made up of 
two LED chips 201 for red (R), two LED chips 202 for green 
(G) and two LED chips 203 for blue (B) are arranged close to 
each other on the chip bonding pad 215a of the common 
electrode pattern 215 so that two lines each consisting of three 
chips are formed. The LED chips 201, 202 and 203 are con 
nected to the ends 216a, 217a and 218a of the individual 
power supply electrode patterns 216, 217 and 218 for respec 
tive colors via bonding wires 219. With this arrangement, a 
large amount of light is introduced from the first end 121 into 
the main body 130 of the light guide member 120. Thus, 
although the LED chips 201, 202 and 203 are provided only 
at the first end 121 of the light guide member 120, a sufficient 
amount of light travels through the entire length of the light 
guide member 120. 
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I0081. The light emitted from the LED chips 201, 202 and 
203 is introduced into the main body 130 without loss by the 
action of the reflector 220 and the electrode pattern 215 hav 
ing a high reflectivity due to the use of silver paste as the 
material and then travels within the main body 130. The light 
rays traveling in this way or the light rays reflected by the 
reflecting surface 124 at the second end 122 of the light guide 
member 120 to travel in the reverse direction are reflected by 
the plurality of recesses 131 provided throughout the length 
of the main body 130. The light rays reflected by the recesses 
131 travel toward the opposite side of the recesses 131 to be 
emitted to the outside. Thus, similarly to the first embodiment 
(see FIG. 4), white light obtained by mixing red light, green 
light and blue light is reliably emitted from a predetermined 
circumferential surface region of the main body 130 toward 
the target region throughout the entire length of the main body 
130. Since the LED chips 201,202 and 203 are provided only 
at the first end 121 of the light guide member 120 in the 
second embodiment, the uniformity of the mixing ratio of red 
light, greenlight and blue light in the longitudinal direction of 
the light guide member 120 is further enhanced. As a result, 
white light of a uniform tone is emitted from the overall length 
of the light guide member. 
0082. The second end 122 of the light guide member 120 
according to the second embodiment is not limited to the 
above-described structure. The second end may have another 
structure as long as it efficiently reflects the light traveling in 
the main body 130. For instance, the second end 122a as 
shown in FIG. 8 may be employed which comprises two 
reflecting surfaces inclined substantially 45 degrees with 
respect to the axis of the main body 130 and is triangular in 
section. With this arrangement, most part of the light traveling 
in the main body 130 in the axial direction is totally reflected 
twice by the two reflecting surfaces to travel in the reverse 
direction. This is because only little part of the light impinges 
on each reflecting Surface at an angle Smaller than the total 
reflection critical angle. With this arrangement, almost the 
same advantages as those of the second end 122 of the second 
embodiment are obtained. Further, since the second end 122a 
is provided just by configuring the reflecting Surfaces, the 
manufacturing process is simplified. To further enhance the 
light reflection efficiency, a cap made of white or generally 
white resin may be fitted to the second end 122a or a metal 
film may be formed by vapor deposition. Alternatively, the 
second end 122b as shown in FIG.9 may be employed which 
is in the form of a cone having a generatrix inclined Substan 
tially 45 degrees with respect to the axis of the main body 130. 
Alternatively, the second end 122c as shown in FIG. 10 may 
be employed which is in the form of a pyramid including 
ridge lines inclined substantially 45 degrees with respect to 
the axis of the main body 130. With these arrangements again, 
the same advantages as described above are obtained. 
I0083. In the linear light source devices 100 and 100A of 
the first and the second embodiments, each of the recesses 
131 formed on the main body 130 of the light guide member 
120 comprises a groove elongated in a direction crossing the 
longitudinal axis of the circumferential Surface of the main 
body 130 and including an arcuate inner surface. Unlike this, 
however, the recesses 131a as shown in FIGS. 18A, 18B and 
19 may be employed each of which has a spherical inner 
Surface. In this case, a plurality of recesses 131a may be 
arranged within a predetermined angular range C. in the cir 
cumferential direction of the main body 130 as shown in FIG. 
18A or a single recess 131a may be arranged at a predeter 
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mined portion in the circumferential direction of the main 
body 130. In both of the structures shown in FIGS. 18A and 
18B, the recesses 131a are arranged at predetermined inter 
vals in the longitudinal direction of the main body 130. Simi 
larly to the foregoing embodiments, the amount of light emit 
ted from each portion of the main body 130 in the longitudinal 
direction can be adjusted by varying the intervals of the 
recesses 131a or depths or size of the recesses with respect to 
the longitudinal direction of the main body 130. The recesses 
131a having a spherical inner Surface have an advantage that 
the manufacturing of a mold for forming the recesses 131a is 
relatively easy. 
I0084. The above-described linear light source device 100, 
100A can suitably replace a conventional cold-cathode tube 
as the illumination light source of an image reader 300 such as 
a CCD image sensor unit. As shown in FIG. 11, the image 
reader 300 comprises the linear light source device 100, a 
plurality of mirrors 21-25, a lens 3 and a CCD line sensor 4 
which are housed in a case 5. In a flat-bed image scanner S, the 
image reader 300 is moved in the secondary scanning direc 
tion below a document table DP made of e.g. transparent 
glass. In operation, the light emitted from the linear light 
source device 100 and reflected by the document D is 
reflected by the mirrors 21-25 to converge on the CCD line 
sensor 4 via the lens 3. Thus, the image of one line of the 
document D extending in the primary scanning direction is 
formed on the CCD line sensor 4 and read. This operation is 
repeated every time the image reader 300 is moved in the 
secondary scanning direction by a predetermined pitch, 
whereby the two dimensional image of the document is read. 
I0085. As noted before, in the linear light source device 100 
according to the present invention, the light emitting portion, 
i.e., the main body 130 of the light guide member 120 has a 
columnar shape. Thus, without largely changing the design, 
the linear light source device can be arranged in a portion of 
the image reader 300 in which a cold-cathode tube is formerly 
arranged. The linear light source device 100 efficiently emits 
light in a limited direction from a circumferential surface 
region of the main body 130 which is opposite from the region 
where the recesses 131 are formed (see FIG. 4). Thus, in the 
flat-bed image scanner S, the light emission direction is ori 
ented toward a predetermined region in the secondary scan 
ning direction of the document D on the document plate DP. 
In this way, unlike the cold-cathode tube which emits light 
from the entire circumferential surface, the linear light source 
device 100 according to the present invention emits light in a 
limited direction throughout the length without the need for 
adding a reflective member. 
I0086 FIG. 12 schematically shows the light path in the 
CCD image sensor unit U in the developed state. Specifically, 
the figure shows the light path from the document D to the 
CCD line sensor 4 through the lens 3 and the reflection by the 
mirrors 21-25. As will be understood from the figure, the 
reading range of the document D is so wide that the angle of 
view as viewed from the CCD line sensor 4 and the lens 3 is 
about 50°, for example. Thus, the light path from each end of 
the reading range to the CCD line sensor 4 is considerably 
longer than that from the center of the reading range to the 
CCD line sensor 4. As a result, even when the document is 
illuminated with light of uniform brightness throughout the 
reading range, the image read at the CCD line sensor 4 is dark 
at the ends of the reading range. 
I0087 Although the brightness can be made substantially 
uniform in the primary Scanning direction by correcting the 
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image reading signals at the CCD line sensor 4. Such correc 
tion requires a complicated correction circuit. In the linear 
light source device 100 according to the present invention, 
however, by setting the amount of light to be emitted from 
each end of the light guide member 120 in the longitudinal 
direction (i.e., primary scanning direction) larger than that 
from the center of the light guide member, it is possible to 
illuminate the two ends of the reading range of the document 
D to be brighter than the center of the reading range. As a 
result, the brightness of the image read at the CCD line sensor 
4 is made uniform in the primary scanning direction without 
using a correction circuit. 
0088. The above-described uniform brightness is easily 
achieved by appropriately setting the intervals between adja 
cent recesses 131 or the depth of each recess 131 formed at the 
main body 130 of the light guide member 120 in view of the 
reduction of light amount in the light guide member which 
depends on the distance from the end of the light guide mem 
ber 120. 

0089. The linear light source device 100 according to the 
present invention emits white light by turning on the LED 
elements for R, G and B simultaneously. Since the wave 
length distribution of each color has a sharp peak, the color 
processing of the read color image is easy, and proper color 
image reproduction is possible. 
0090 FIGS. 13 and 14 show a linear light source device 
according to a third embodiment of the present invention. 
Unlike the linear light source devices of the first embodiment 
(see FIGS. 1-5) and the second embodiment (see FIGS. 6 and 
7), in the linear light source device 100B of the third embodi 
ment, the recesses 131 formed on the circumferential surface 
of the main body 130 of the light guide member 120 to be 
spaced from each other in the longitudinal direction of the 
main body are arranged within an enlarged angular range C. 
(see FIG. 14) of 120 to 270°, and more preferably, 120 to 
200. Since the structure of other elements or portions is the 
same as that of the foregoing embodiments, these elements or 
portions are designated by the same reference signs as those 
used for the foregoing embodiments, and the description 
thereof will be omitted. The outer diameter of the main body 
130 may be made larger than those exemplarily described as 
the first and the second embodiments. Further, the number of 
each color of LED chips 201, 202, 203 to be arranged at an 
end of the light guide member 120 may be increased corre 
spondingly. The LED chips 201, 202, 203 may be provided at 
both of the first end 121 and the second end 122 of the light 
guide member 120, similarly to the first embodiment shown 
in FIGS. 1-5. Alternatively, similarly to the second embodi 
ment shown in FIGS. 6 and 7, the LED chips 201, 202, 203 
may be provided only at one end (first end) 121 of the light 
guide member 120. When the LED chips 201, 202, 203 are 
provided only at the first end 121, the second end 122 of the 
light guide member 120 may be formed with a reflecting 
surface 124 similarly to the second embodiment shown in 
FIGS. 6 and 7 or may be configured like the end 122a, 122b 
or 122c of the variations of the second embodiment shown in 
FIGS. 8-10. 

0091. In this embodiment again, light traveling in the main 
body 130 in the longitudinal direction is reflected by each 
recess 131 to change its travel direction to a direction crossing 
the main body 130. In this process, as shown in FIG. 14, light 
is reflected at a wide central angular range to cross the main 
body 130 to be emitted to the outside. As a result, the light 
emitted from the main body 130 travels in a wide range (e.g. 
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corresponding to the central angle of 120 to 200° of the main 
body 130). However, similarly to the first embodiment, little 
light leaks to the side provided with the recesses 131, and light 
is efficiently emitted to a predetermined range. 
0092. As shown in FIG. 15, a backlight (illuminator) of a 

flat display apparatus 400 Such as a liquid crystal display 
apparatus can be provided by arranging a plurality of linear 
light source devices 100B of the third embodiment side by 
side. Specifically, the linear light source devices 100B are 
arranged at predetermined intervals on the rear side of a flat 
display panel 410 so that the light emitted from each main 
body 130 is directed toward the reverse surface of the flat 
display panel 410. 
0093. As noted before, since the light emission range of 
the linear light source device 100B is relatively large, the light 
Source device illuminates a region in the form of a wide strip, 
although it is a linear light Source device. Thus, by arranging 
the plurality of light source devices side by side so that the 
strip-like regions are connected to each other, the flat display 
panel 410 is illuminated from behind with a uniform amount 
of light regardless of the size of the flat display panel. Pref 
erably, in this case, a light diffusion sheet or a light diffusion 
panel 410 may be arranged between the reverse surface of the 
flat display panel 410 and the linear light source devices 
100B. With this arrangement, the brightness recognized from 
the obverse surface side of the flat display panel 410 becomes 
more uniform. 

0094. As shown in FIG. 16, when the range C. in the cir 
cumferential direction in which the recesses 131 of the main 
body 130 of the light guide member 120 are formed is 
enlarged to 270°, light is emitted from each linear light source 
device 100B not only toward the reverse surface of the flat 
display panel 410 but also toward the side opposite from the 
flat display panel 410. In this case, as shown in FIG. 17, in 
addition to the light diffusion sheet or light diffusion panel 
420, a light reflecting plate 430 including a white or mirror 
reflecting Surface may be arranged on the rear side of the 
linear light source devices 100B. With this arrangement, the 
light emitted toward the rear side of the linear light source 
devices 100B is reflected toward the reverse surface of the flat 
display panel 410. As a result, the rear surface of the flat 
display panel 410 is illuminated with more uniform light. 
0.095 Conventionally, a cold-cathode tube has been used 
as the backlight source of the above-described kind of flat 
display apparatus. The use of an illuminator incorporating the 
linear light source device 100B instead of a cold-cathode not 
only achieves power saving but also enables the color liquid 
crystal display to exhibit clear color, because the illumination 
is performed using white color obtained by mixing red light, 
green light and blue light each having a sharp wavelength 
distribution. 
0096. As the illumination light source of the flat display 
apparatus 400, instead of the linear light source devices 100B 
including a main body 130 shown in FIGS. 14 and 16, the 
linear light source devices 100 including a main body 130 
shown in FIGS. 18A and 18B may be employed. The main 
body of this linear light source device includes recesses 131a 
having a spherical inner Surface, so that the light reflected by 
the inner surface of each recess 131a diffuses. As a result, the 
light is emitted from the main body 131 in a diffusing manner. 
Thus, the reverse surface of the flat display panel 410 is 
illuminated with uniform light. 
0097. As described above, a linear light source device 
according to the present invention can Suitably replace a 
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conventional cold-cathode tube as the illumination light 
source of an image reader which uses a CCD line sensor. By 
using the linear light source device, the concern about envi 
ronmental pollution due to mercury vapor is eliminated, and 
the necessity for a power Supply circuit Such as a booster 
inverter is also eliminated. Further, proper color controlling 
by the use of white light is possible, high light emission 
efficiency is achieved, and shortening of the life of an LED 
chip due to heat is prevented. Moreover, a linear light source 
device according to the present invention can properly con 
stitute an illuminator as a backlight of a flat display apparatus. 
0098. The present invention is not limited to the foregoing 
embodiments, and all the variations within the scope of the 
following claims are intended to be included within the scope 
of the present invention. 
0099. In the foregoing embodiments, as the recesses to be 
formed on the main body 130 of the light guide member 120 
throughout the length, recesses 131 are employed each of 
which is in the form of a groove extending in a direction 
crossing the longitudinal axis of the main body 130 and has a 
generally arcuate inner Surface. Alternatively, recesses 131a 
are employed each of which has a spherical inner Surface, as 
shown in FIGS. 18A, 18B and 19. However, the configuration 
of the recesses 131 is not limited to the foregoing embodi 
ments, and recesses having other configurations may be 
employed. What is important is that the recesses 131 are 
formed within a predetermined angular range C. in the cir 
cumferential direction of the main body 130 so that light is 
emitted from a limited region of the circumferential surface of 
the main body 130, and the amount of light to be emitted from 
each portion in the longitudinal direction of the main body 
130 can be adjusted by adjusting the density of the recesses 
131 in the longitudinal direction of the main body 130. 
0100 Although recesses 131 are provided in the foregoing 
embodiments, projections may be provided instead. 
0101 Although the main body 130 of the light guide mem 
ber 120 is columnar in the foregoing embodiments, the shape 
of the main body is not limited thereto. For instance, as shown 
in FIGS. 20 and 21, the main body may be in the form of a 
hexagonal prism or an octagonal prism. Preferably, in this 
case, the ridge lines of the prisms are rounded. Alternatively, 
as shown in FIG. 22, the main body may be in the form of a 
column having an oval cross section. 
0102. In the foregoing embodiments, the same number 
(one or two) of LED chips 201, 202, 203 for R, G, B are 
mounted on the LED element mount region 211 of the sub 
strate 210. However, it is only necessary that at least a single 
LED chip for each color is mounted. At present, the amount of 
blue light emitted from the blue (B) LED is smaller than that 
of the LEDs of other colors. Thus, while mounting a single 
red LED chip (R) and a single green LED chip (G) two blue 
(B) LED chips may be mounted. 
(0103) Although the LED chips 201, 202, 203 for R, G, B 
are mounted on the LED element mount region 211 in the 
foregoing embodiments, a white LED chip may be mounted 
instead. In this case, white light is emitted without the need 
for adjusting the amount of light from each color of LED chip, 
and only a single electrode pattern for power Supply is nec 
essary. Thus, the process steps and the parts for manufactur 
ing the linear light Source device are reduced, so that the 
manufacturing cost is reduced. The white LED may be 
mounted at a portion which does not hinder the mounting of 
the reflector 220, and the number of white LEDs to be pro 
vided is not limitative. 
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1. A linear light source device comprising: a light guide 
member that includes a main body made of a transparent 
material in the form of a column and having a Substantially 
uniform cross section and a predetermined length, the light 
guide member also including a first end and a second end 
provided at ends of the main body; and LED elements each 
arranged to face one of the first end and the second end; 

wherein the main body includes a Smooth mirror circum 
ferential surface formed with a plurality of recesses or 
projections throughout the length thereof within a pre 
determined range in the circumferential direction, 

wherein, due to the recesses or projections, throughout the 
length of the main body, light emitted from the LED 
element and introduced into the main body through each 
of the first end and the second end is emitted from a 
region of the circumferential surface of the main body 
which faces the range within which the recesses or the 
projections are formed. 

2. A linear light source device comprising: a light guide 
member that includes a main body made of a transparent 
material in the form of a column having a Substantially uni 
form cross section and a predetermined length, the light guide 
also including a first end and a second end provided at ends of 
the main body; an LED element arranged to face the first end; 
and a reflecting portion formed at the second end; 

wherein the main body includes a Smooth mirror circum 
ferential surface formed with a plurality of recesses or 
projections throughout the length thereof within a pre 
determined range in the circumferential direction, 

wherein, due to the recesses or projections, throughout the 
length of the main body, light emitted from the LED 
element and introduced into the main body through the 
first end is emitted from a region of the circumferential 
surface of the main body which faces the range within 
which the recesses or the projections are formed. 

3. The linear light Source device according to claim 2, 
wherein the reflecting portion comprises a reflecting Surface 
extending perpendicularly to an axis of the main body. 

4. The linear light Source device according to claim 2, 
wherein the reflecting portion comprises two reflecting Sur 
faces inclined substantially 45 degrees with respect to an axis 
of the main body. 

5. The linear light Source device according to claim 2, 
wherein the reflecting portion is in the form of a cone having 
a generatrix inclined substantially 45 degrees with respect to 
an axis of the main body. 

6. The linear light Source device according to claim 2, 
wherein the reflecting portion is in the form of a pyramid 
including a ridge line inclined Substantially 45 degrees with 
respect to an axis of the main body. 

7. The linear light Source device according to claim 2, 
wherein the reflecting portion is covered with white resin. 

8. The linear light Source device according to claim 2, 
wherein the reflecting portion is formed by vapor deposition 
of metal. 

9. The linear light source device according to claim 1, 
wherein the transparent material is transparent resin or trans 
parent glass. 

10. The linear light source device according to claim 1, 
wherein the main body of the light guide member is in the 
form of a round column having a substantially uniform cross 
section. 
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11. The linear light source device according to claim 1, 
wherein the main body of the light guide member is in the 
form of a polygonal prism having a Substantially uniform 
cross section. 

12. The linear light Source device according to claim 11, 
wherein the main body which is in the form of a polygonal 
prism having a substantially uniform cross section includes a 
ridge line which is rounded in cross section. 

13. The linear light source device according to claim 1, 
wherein the main body of the light guide member is in the 
form of an oval column having a substantially uniform cross 
section. 

14. The linear light source device according to claim 1, 
wherein the plurality of recesses or projections are provided 
by forming a plurality of grooves extending in a direction 
crossing a longitudinal axis of the main body at predeter 
mined intervals. 

15. The linear light source device according to claim 14, 
wherein each of the grooves has an inner Surface which is 
generally arcuate in cross section. 

16. The linear light source device according to claim 1, 
wherein the plurality of recesses or projections are provided 
by forming a plurality of dents each having a spherical inner 
Surface. 

17. The linear light source device according to claim 1, 
wherein the LED element comprises an LED chip, the LED 
chip being directly mounted on a substrate made of aluminum 
nitride. 

18. The linear light source device according to claim 17, 
wherein the substrate includes an LED element mount region 
for mounting the LED element and a heat dissipation region 
connected to the LED element mount region. 

19. The linear light source device according to claim 18, 
wherein the substrate is formed with a common electrode 
pattern and a plurality of individual power Supply electrode 
patterns, and wherein, at the LED element mount region, a 
plurality of LED chips are bonded close to each other on the 
common electrode pattern and each of the LED chips is 
connected to a corresponding one of the individual power 
Supply electrode patterns via a wire. 

20. The linear light source device according to claim 19, 
wherein the substrate is elongated, the LED element mount 
region being provided at one of longitudinally opposite ends 
of the substrate, the common electrode pattern and the indi 
vidual power Supply electrode patterns extending in parallel 
with each other on a remaining portion of the Substrate in the 
longitudinal direction of the substrate. 

21. The linear light source device according to claim 19, 
wherein the plurality of LED chips include at least one red 
LED chip, at least one green LED chip and at least one blue 
LED chip. 

22. The linear light source device according to claim 21, 
wherein at least portions of the common electrode patternand 
the individual power Supply electrode patterns corresponding 
to the LED element mount region are formed by printing and 
baking silver paste. 

23. The linear light source device according to claim 21, 
further comprising a frame-shaped reflector mounted to the 
LED element mount region of the substrate to surround the 
LED chips. 

24. The linear light source device according to claim 23, 
wherein the reflector includes an inner surface inclined to 
flare toward an upper opening of the reflector, the inner Sur 
face being a reflecting Surface. 
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25. The linear light source device according to claim 24, 
wherein the reflector is made of white resin. 

26. The linear light source device according to claim 24, 
wherein the reflector is made of resin and the inner surface is 
mirror finished. 

27. The linear light source device according to claim 23, 
wherein the end of the light guide member which faces the 
LED chip is integrally formed with a socket portion fitted to 
the frame-shaped reflector to accommodate the reflector. 

28. The linear light source device according to claim 27, 
wherein the Socket portion includes an outer Surface covered 
with a light-impermeable layer. 

29. The linear light source device according to claim 1, 
wherein, in the circumferential surface of the main body, the 
predetermined range in the circumferential direction within 
which the recesses or the projections are to be formed to be 
spaced from each other in the longitudinal direction of the 
main body corresponds to a central angle of 3 to 45° of the 
main body. 

30. The linear light source device according to claim 1, 
wherein, in the circumferential surface of the main body, the 
predetermined range in the circumferential direction within 
which the recesses or the projections are to be formed to be 
spaced from each other in the longitudinal direction of the 
main body corresponds to a central angle of 120 to 270° of the 
main body. 

31. An image reader comprising a light Source device, a 
plurality of mirrors, a lens and a CCD line sensor which are 
housed in a case, the image reader being designed to guide 
light emitted from the light source device and reflected by a 
document to the CCD line sensor via the mirrors and the lens 
so that a linear image in a primary Scanning direction of the 
document is read by the CCD line sensor; 

wherein the light source device comprises the linear light 
source device as set forth in claim 29. 

32. The image reader according to claim 31, wherein the 
plurality of recesses or projections of the main body of the 
light guide member are so formed that amount of light to be 
emitted from the main body increases as progressing from a 
central portion toward each end in the longitudinal direction 
of the main body. 

33. A flat display apparatus comprising a flat display panel 
and an illuminator for illuminating the flat display panel from 
behind, 

wherein the illuminatoris provided by arranging a plurality 
of linear light source devices as set forth in claim 30 side 
by side. 

34. The flat display apparatus according to claim 33, fur 
ther comprising a light diffusion sheet or a light diffusion 
panel arranged between the flat display panel and the illumi 
natOr. 

35. The flat display apparatus according to claim 33, fur 
ther comprising a light reflecting Surface arranged on a side of 
the illuminator which is opposite from the flat display panel. 

36. The linear light source device according to claim 2, 
wherein the transparent material is transparent resin or trans 
parent glass. 

37. The linear light source device according to claim 2, 
wherein the main body of the light guide member is in the 
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form of a round column having a substantially uniform cross 
section. 

38. The linear light source device according to claim 2, 
wherein the main body of the light guide member is in the 
form of a polygonal prism having a Substantially uniform 
cross section. 

39. The linear light source device according to claim 2, 
wherein the main body of the light guide member is in the 
form of an oval column having a substantially uniform cross 
section. 

40. The linear light source device according to claim 2, 
wherein the plurality of recesses or projections are provided 
by forming a plurality of grooves extending in a direction 
crossing a longitudinal axis of the main body at predeter 
mined intervals. 

41. The linear light source device according to claim 2, 
wherein the plurality of recesses or projections are provided 
by forming a plurality of dents each having a spherical inner 
Surface. 
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42. The linear light source device according to claim 2, 
wherein the LED element comprises an LED chip, the LED 
chip being directly mounted on a substrate made of aluminum 
nitride. 

43. The linear light source device according to claim 2, 
wherein, in the circumferential surface of the main body, the 
predetermined range in the circumferential direction within 
which the recesses or the projections are to be formed to be 
spaced from each other in the longitudinal direction of the 
main body corresponds to a central angle of 3 to 45° of the 
main body. 

44. The linear light source device according to claim 2, 
wherein, in the circumferential surface of the main body, the 
predetermined range in the circumferential direction within 
which the recesses or the projections are to be formed to be 
spaced from each other in the longitudinal direction of the 
main body corresponds to a central angle of 120 to 270° of the 
main body. 


